Sixteen different haplotypes of cox1 were identified some of which are shared between regions as well as with black-backed jackal.
Introduction
Spirocerca lupi is a parasitic Spirurid nematode that causes aortic lesions and esophageal nodular masses in domestic as well as some wild canids (Bailey, 1972; Van der Merwe et al., 2008) .
Spirocerca lupi is found in tropical and subtropical regions and may be fatal to its host ( Van der Merwe et al., 2008; Elias et al., 2016) . Coprophagous beetles serve as intermediate hosts for S.
lupi. Birds, lizards and rodents may serve as additional paratenic hosts for the L1 stage infective larvae (Bailey, 1972; Van der Merwe et al., 2008; Ravindran et al., 2014; Aroch et al., 2017) . In a written S. lupi prevalence survey in South Africa, more cases of spirocercosis have been seen with 16% of the veterinarians considering spirocercosis to be a new phenomenon (Lobetti, 2014) . In a similar study in Israel, spirocercosis has spread over time in spite of the preventative measures applied over the last three decades (Aroch et al., 2015) .
Mitochondrial DNA (mtDNA) is useful for phylogenetic analysis as it is maternally inherited, it has a rapid rate of divergence and no recombination. This allows for differentiation between closely related species (Avise et al., 1987; Moritz, 1994) . A study in the Tshwane Metropole (Pretoria) area of South Africa indicated that the highest haplotype diversity was found within the domestic dog host (76%) compared to the diversity among hosts (28%) (de Waal et al., 2012) . In the same study, 11 haplotypes were found among 60 adult nematodes from domestic dogs. In Denmark, a genetically distinct isolate of S. lupi was found in the red fox (Vulpes vulpes) (Al-Sabi et al., 2014) . The aim of this study was to determine the haplotype genetic diversity of S. lupi in blackbacked jackals compared to domestic dogs to determine if there is genetic transmission between the species. Biotechnology Information (NCBI) database using the nucleotide basic local alignment search tool (nBLAST) (Altschul et al., 1990) .
Materials and methods

A
Haplotypes (HQ674751 -HQ674761) of cox1 for S. lupi from a previous study were downloaded from the NCBI database in order to compare with current data (de Waal et al., 2012) . In addition, Pairwise distance of cox1 was calculated with MEGA7 (Tamura et al., 2013) . Haplotype networks were drawn with the software Network 5 (Bandelt et al., 1999) using the median joining method.
Bayesian inference (BI) was performed with MrBayes 3.2 using the Monte Carlo Markov Chain (MCMC) method (Huelsenbeck and Ronquist, 2001; Ronquist et al., 2012 ) and a phylogenetic tree was constructed using Dendroscope 3 (Huson and Scornavacca, 2012) .
Results and discussion
From the 56 nematodes studied, 16 haplotypes of S. lupi cox1 A pairwise differences table was constructed (table 1) to compare the differences between the sequences from the various continents. The pairwise difference between two Thelazia isolates is 0.006. When comparing S. lupi from domestic dogs from Table 1 Pairwise distance in cox1 of the S. lupi haplotypes compared to sequences from the NCBI database of S. lupi from other parts of the world as well as Cylicospirura subaequalis, Gongylonema pulchrum and two Thelazia isolates for comparison. The region from where the samples originate as well as the accession numbers are shown except for the haplotypes from this study. 
Conclusion
This study only utilized a small region of the cox1 gene to observe genetic differences in S. lupi from different regions and final host species. A larger section of the cox1 in addition to further genetic analysis would be required to clarify if there is a cryptic species of S. lupi. The shared haplotypes between the jackals and the domestic dogs is reason for concern as this species of nematode may spread to other wild canid species such as the endangered African wild dogs. The variation observed within the various hosts may theoretically produce more virulent parasites (Frank, 1996; Restif, 2009) . The higher number of new haplotypes reported compared to a previous study (de Waal et al., 2012) also indicates that there is a high percentage of genetic divergence.
